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THE USE OF RADAR IN FLASH FLOOD FORECASTING

BY
Jack L., Teague
River Forecast Center
U. 5. Weather Bureau
Fort Worth, Texas
ABSTRACT
The accuracies of the present raingage density and WSR-57 radar
measured rainfall are statistically examined, It is shown that radar can
asgess areal rainfall in shower type precipitation gignificantly better than
the present raingage density,
The results of correlation studies between a dense network of raingages
in Oklahoma (175 recording raingages in 1100 mi.z) and the WSR~57 located
at Norman, Oklahoma are shown. Also, an operational method of semi-auto-
matically processing the voluminous radar data, in REAL-TIME, in an applied

radar hydrology experiment is discussed. The results of correlating the

radar measured rainfall with stream flow are shown.






I INTRODUCTION

It has long been recognized by hydrologists that the most uncertain
parameter which is used as an input to flash flood warning and flood
forecasting techniques is rainfall rate and/or accumulation. Several sources
contribute to uncertainty of the rainfall data: (1) rain gage density,

(2) raingage inaccuracies, and (3) communications.... These inherent
raingage problem sources pointedly show the need for a more refined rain-
gaging instrumentation -- instrumentation that will reduce the sampling
errors to within acceptable limits.

Today radar is the only instrument available that is capable of
qualitatively and quantitatively observing precipitation over large areas
on a nearly continuous basis. However, the operational use of radar dats
to assess areal rainfall has lagged. The predominate reasons for this lag is
the variable nature of the relationship between precipitation rates and the
radar reflectivity factor Z. Also, how to numerically analyze and communicate
the voluminous amount of radar data in REAL TIME, These problems and their
partial solution are discussed in this paper. It is, also, statistically shown
that the accuracy of a standard WSR-57 10-cm radar's measurement of areal
rainfall is generally better than the present raingage density measurements.

The methodology and results of an experiment in applied radar hydrology
between the River Forecast Center, Ft. Worth, Texas, the River Forecast Center,
Tulsa, Okiahoma, National Severe Storm Léboratory, and Greater Southwest Air-
port, Fort Worth, Texas are discussed. A radar-computer program was used to
estimate areal rainfall and the results compared with observed rainfall runoff

values.

The WSR~57 is referred to in all discussions of radars.



TI RAINGAGE ASSESSMENT OF AREAL RATINFALL

Accurate forecasting of floods depends to & large extent on knowing the
amount of precipitation falling over a glven area, but areal precipitation is one
of the most questionable parameters used.

A, Raln Gage density and statistical sampling.

Rain gage spacing is by far the largest contributor to the
uncertainty of the rainfall data. The average density of raingages in
the U.S. 18 about one gage in 230 square miles (1), But this average
varies from a density of one gage in 55 square miles in Connecticut to
one gage in several thousand square miles in West Texas. Therefore, an
8-inch raingage whose area is about 1/80 millionth part of a square mile
must be assumed to represent the rainfall over areas as large as 230
square miles, or, in the most dense rain gage network in Texas, about 625
square miles, With one gage in 625 square miles, the raingage is sampling
about 1/50 billionth part of the area.

Considering that the intense part of most thunderstorms is 5 to 10
miles in diameter or an area of 4 to 8 square miles, the probability of

a raingage sampling this intense part is 1/10 billionth, yet this intense

part contributes about 80% of the total rainfall. Ordinarily the rain-

gage is sampling the lighter portions of the individual thunderstorms.

The hydrologist is mainly interested in the areal average rainfall, and

his only means at present is using the observed raingage values and

inferring the average from this sparse data. Consequently. his educated

guess is generally too low.



The variable nature of shower type precipitation dictates that many
measurements be taken to yield an estimate of areal average., Most
investigations of the variance of rainfall with distance from the
center of maximum rainfall shows a paraboloidal distribution. the
variance is an inverse exponential function of distance from the
maximum rainfall (2).

According to experimental studies conducted by J. C. Neill (3)
in Illinois, for & one-inch mean rainfall and gage density of one in
96 square miles, the population mean rainfall lies in the 95%
confidence interval of .45-1.55 inches or + 55%. This deviation
undoubtedly increases as the area represented by each gage increases.

As one solution to the paucity of raingages. many people have advocated
a greater gage density, but unless the raingages were very dense this
would not solve the problem of statistical sampling, especially in
showers, Further K such a density of raingages would certainly he
economically unfeasible,

B. Raingage catch inaccuracies,

The accuracies of raingages varies according to location,
metecrclogical parameters, exposure and numerous other factors. The
effects of wind are meteorologically most significant. Some experiments
have shown that the deficiency of a raingage cateh increases about 10%
for each 10 knots of wind (1)}.

C. Rainfall reporting.
Communications are a constant problem in storm areas, especially

where the principle method of communications is by telephone., Frequently.



critically needed rainfall data are delayed in transmission to
River Forecast Centers and River District Offices because of telephone
equipment outeges due to storm damage.

Observing errors iIn both amounts and timing frequently occur.
Unless 1t 18 & recording raingage, no accurate assessment can be
made of these errors.

Thias highlights the problem of raingage representativeness that
has always plagued hydrologists. As has been shown, raingagaes alone
are often misleading with regard to the total average accumulated
rainfall over an area, especlally when shower type precipitation

occurs,



III HYDROLOGY OF STORMS

The assoclated problems in ascertaining the areal average rainfall aret
1. Distribution of rainfall.
a) Was it an even distribution or did some parts of
& river basin receive decidedly more rainfall than
other parts?
2, Time digtribution of rainfall.
a) Intensity - Did the major portion of the rain fall in:
1 hour, 6 hours, dr how long?
3, Direction and speed of movement,
a) Did the storm move upstream, downstream, or across
the basin?
The hydrologist needs to know all three of these to calculate the volume
of runoff and its time distribution. It is this volume diatribution that
determines the flash flood or flood potential of a storm.

Definition of a potential flash flood area - The term is applied to any

small stream with & small drainage area, to that part of the upper reaches
of any river in which sudden rises can be caused by locally heavy downpours
or heavy showers, and are characterized by the fact that time necessary to
form a peak wave Iin less than 24 hours,

The areal and temporal distribution of rainfall are self explanatory,
but the speed and directicn of movement of a severe thunderstorm is of equal
importance in its flash flood potential.

1. Any time an intense storm is stationed over a flash flood area

for a prolonged period of time a potential flash flood situation

exists, The time period 1s an inverse relation of the intensity.



2, If a storm is moving perxpendicularly or across & basin at moderate
speeds the flash flooding potential 1is lessened, but if the storm
is & slow moving system and other systems are bullding in behind the
flash flood potential increases sharply,

3. A thunderstorm system moving upstream at moderate speeds can

produce flash flooding in small areas, but over areas large with
regpect to the storm's dimensions will generally produce a moder~
ately rising stream.

4, An Intense storm system moving downstream has real flash flood

potential and should be observed closely,

Several hydrologic aspects of intense storms that can contribute to
flash flooding or even major flooding have been mentioned, but for the most
part this is information the raingage cannot give. The synoptilic station and
local forecaster can help some in these areas, but he is limited to probability

forecasting of rainfall events.



IV RADAR RAINFALL MEASUREMENTS

Because of radar's ability to observe precipitation in the atmosphere
almost continuously in space and time, efforts have been made since World War II
to relate the radar echoes' intensity to precipitation rate and/or
accumulation,

A, Radar Theoretical Discussion

Ryde, in 1945 (4), applied Gustav Mie's scattering theory for the
back-scattering crogss-section of a spherical drop to the study of radar echoes
from water and ice particles. He showed the back-scattering cross-section
of a single particle was:

(1) T = 64_«1_2 [x{Z a0
where K = (m2-1)/(m?+2) the complex index of refraction, A is the wave length,
"A" 1s drop radius, This equation is very similar to the Rayleigh scattering
formula and is usually referred to as the "Rayleigh approximation''. When
the drop diameter is less than about .04 N\ , the approximation can be used
without correction. Otherwise the more cémplex Mie formula must be used.

Marshall, Longille, and Palmer (5) were among the pioneers in the
investigation of measurements of precipitation by radar. They reported in
their study that the average power reflected from precipitation was propor-

tional to the summation of the back-scattering cross-sections.

(2) P, = %%%5— h%c?:i
Py = average power received
Py = peak transmitted power
h = Pulse length (WSR-57 long Pulse - 4 Msgec)
Ae = effective cross-sectional area of the antenna

U = back~scattering crogs-section of a particle

r = range



Making use of Ryde's back-scattering formula, Ap the apertual area of a
paraboloidal antenna, and the gain G of a highly directional antenna, Battan (6)

lists a slightly more usuable form of the equationt

s

3 B, = 815 ( P 0@ h Ap? k\2 = a,°
@ - (regawt) KR 2

= horigontal and vertical radar beam dimensions (radians)
= wave length (WSR-57 = 10 cm)
= drop radius (mm)

e, @

A

A

Nowadays it is a common practice to specify drop sizes in terms of

their diameters, thust (4) = jisg g Ap2 | K\ z z NDi6
Pr = B TLNG vol

The symbol B is used to designate Z ND16, and 1g called the reflectivity

factor. The radar parameters In parenthesis are constants for a particular

radar, therefore; (5) - P Z r 2 = P 2
Py = ;;f%__ 0 ;5 %T

It is assumed in this equation that:

(1) All radiated energy is confined to the cone defined by 6 and f
(half-power points),

(2} The radar beam 1s completely filled with precipitation (r2Vsr®),

{3) The average returned power is measured,

{4) No attenuation of the radar signal,

(5) The diameters of scattering particles are small in relation to the
wave length (D < .04 A ).

The x? term is accounted for electronically in the WSR-57.
B. Raindrop size distribution and the Z-R relatilonsghip,

Many investigators in a variety of places and in various types of
precipitation have made measurements of raindrops recorded on dyed filter
paper for statistical correlation with precipitation intensgity.

In 1948 Marshall and Palmer (7) studied the distribution of raindrops

with size. They found an inverse exponential distribution for the number N



of raindrops per unit sire range in unit volume of air, The distribution they
proposed was in fair agreement with earlier investigators, Laws and Parsons (8),
and others,
Except &t diameters less than about 1.5 mm, the experimental data can be
fitted by the equation:
(6) Ny = Npe
where D is drop diameter, NﬁlD 18 the number of drops of diameter D between D

and D+AD. N, is the value of Ny for D = 0, also, Ny = .08 cm-4 for any intensity

of rainfall, and A = 411~0.21ep~1 = slope of line when the distribution is
plotted on seml-log paper for a given rainfall rate,
R 18 the rate of rainfall in mm hr~l, It will be noted that different

distribution exists for different rainfall rates,
~AD _6

o
Then: & = ¥ Ny D;° = ﬂ N e D’dD = NQFV)
N

Note: ("orxxMax = [(wl) = N
&
[y = 6! = 720
congldering rainfall rate 1s given by:

(8) R = 0P NpvD3
6

where V 1s the terminal velocity of drops of diameter D, £ iz the density of
water, and near the ground the vertical ailr speed is assumed to be quite small,
The drop diameter has been empirically related to the fall veloecity by
(9 vV = 130D%
Therefore:
o9
(10 R = L(Noe =/~Dy (g€ p3) ( 130D%) dp
6
integration of (10) yields

(11) R = 130 @& N, [19/2)
6

A 9/2 rotet 3 = Y

10



combining this equation with (7) glves!

(8) B = 1.6 x 10% R 14/9
N, 5/9
oxr
(9) B = 21()R14/9 mm6m"3, where R is in mm he-l

Since Marshall and Palmer, many Inveatigators (6) have studied the
empirical relation between the radar reflectivity factor B and precipitation
rate R with all reporting equations of the formj

(10) z = arP

where '"a'"' 18 related to drop size spectrum and 'b" 1s related to
the fall velocities. Some of these relationships have been listed by Battan
((6) Table 7),

A slight revision of the equation originally proposed by Marshall and
Palmer (7) 1s consldered to be representative of most ralns and 1s universally
accepted is:

(11) %z = 200RL.6
C. Accuracy of radar rainfall measurements,

Battan (6) has suggested that a different Z-R relationship be used for
different rain types and different geographical locations. This is gupported
in a paper by Atlas and Chmela (9). Wilson (10) notes that values of 'a' and
"b" are often stable within storms, but that significant variations
occur from storm to storm,.

A plot of B-R relatlonships listed in Battan (6) shows most of the
relationships are within about a factor of two of each other. Marshal et al.(5)
expressed the opinion that, for a given value of B, the error of estimate of R
is about a factor of 2, using 8 = 200 R 1.6, Using this equation has led

most Iinvestigators since, to the conclusgion that radar can estimate areal

11



and time integrated rainfall within & factor of + 50% of the true mean areal
rainfall as determined from point ralngage measurements,

In 1964 (11) and 1965, while the author was at the National Severe
Storms Laboratory (NSSL), the WSR-537 radar observations on eight days with
intense convective rains were compared with 175 recording raingages apread
over 1100 square mile area within 55 n.m. of the radar (fig. 1), The re-
lationship 2 = 200 R1+0 was to estimate the radar echoes' rainfall equiva-
lent (fig. 1 and 2) for all storms.

The radar estimated average rainfall for seven storms varied by less
than + 50% from the raingage average rainfall (fig. 2). It is suspected that
the radar calibration was in error for the storm of 5/24/65,

As a general rule, the radar results improved as temporal and spatial
digtribution of precipitation increases.

The variability between raingage average values could be due to many
factors: (1) drop-size distribution, (2) Possible overshooting, (3) Beam
filling, (4) Growth or evaporation of rain drops below the radar beam, (5)
effective fall velocities, (6) radar beam characteristics, and (7) Digitizing
methods., But the author belleves one of the largest contributors to the dif-
ference between radar estimated rainfall and the raingage values lies in the dif-
ferences of the respective volumes sampled. At 50 n.m. the redar is interrogating
a horizontal cross sectional area of about one square mile, while an 8~inch rain-
gage 1s sampling about 1/80 millionth part of a square mile., Further, the NSSL
radar data Were'digitized in grid squares 2.5 n.m, on a gide, or 6.25 square miles,
raingage would be sampling 1/500 millionth part of this area.

Indeed, the radar-rain gage correlations are amazing, congidering the

percent of the population sampled with the raingage.
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V AN EXPERIMENT IN APPLIED RADAR HYDROLOGY

A, Introduction,

The largest problem that presents itself is how to numerically analyze
and automatically process the large volume of radar data that is available
with each scan of the antenna, in REAL TIME,

A very interesting operational experiment in the digitization and
communication of radar data in REAL TIME was carried on in 1965 between the
National Severe Storms Laboratory (NSSL) WSR-57 radar, the River Forecast
Center at Fort Worth, Texas. (RFC, FIW), and the River Forecast Center
at Tulsa, Oklahoma (RFC, TUL), and this spring (1966), Greater Southweat Airport
(GSW) WSR-57 radar was included in the experiment., (Figure 3.) They jointly
evaluated means for using digitized radar data in operational hydrologic
analysis.

Every 30 minutes the radar operation branches of NSSL and GSW collected echo
intensity data and transferred it, in digital form, to the RFC FTW (fig. 4 top).
The RFC FIW computer processed the echo intensities for precipitation rate,
accumulated precipitation, and the motion of the precipitation's center of mass,
Radar estimated accumulated storm precipitation was transmitted to RFC TUL for
use in preparing hydrologic forecasts (fig. 4 and 5).

The objectives of this project were!

1., Evaluation of a method for transmitting quantitized WSR-57 radar

data to an operational computer facility, and

2. Evaluation of the usefulness of computer-processed WSR-57 radar data

1 REAL TIME 18 a time lag of 30 minutes or less to a River Forecast Center,

13



a8 Input to the RFC forecasting system,

The only major modifications made to the radars for thils experiment
were the installation of signal Iintegration and contouring cilircuits developed
by Dr. Lhermitte at NSSL (12). These circults assure measurements of the
average return power within + .5 db,

Using the integration circults, 5 levels of echo intensity can be
displayed at one time’g&gbdb apart. These values can be easlly changed to Z
values, because AZ = IOE. (See Figure 10).

B. Radar Data Digitization and Transmission

The contoured log B values were hand digitized and transmitted
(log @ = log 102 = 2 log 10 = 2) (fig. 4) in REAL TIME by facsimile
and teletype to the Fort Worth River Forecast Center's 1620 computer. The
gcale of the rectangular grid reference map used for digitizing was determined by
the width and line spacing of the M-28 teleprinter standard carriage. The
horizontal grid gize is identical to the ke& gpacing, and vertlcal grid size is
matched to the line spacing. The grid array is 60 x 36, When adjusted to a
100 n.m, scope display, grid rectangles are 5.55 x 3.34 n.m, or 18.5 square miles.

Using this scale, the radar meteorologist can insert the radar scope
tracing of contoured log 3 values Iinto the teleprinter and cut a teletype
tape by overpunching the integers. The overpunching, also, contributes to
quality control of the radar data before transmittal to the RFC FTW.

C. Radar Data Processing.

The FTW RFC, using the 1620 computer and the equation 2 = 200 R1-6,
converted the log B values to rainfall rates (figs. 4, 5, 6 and 7).

An additional computer program was used that found the centroid positions

14



of guccessive radar echo patterns, Then the rainfall distributions were moved
over the vectored path connecting the centroid positiona. This enabled
the computer to integrate the computed rainfall (figure 8).

The rainfall data was accumulated for poilnte and also was averaged
for selected river sub-basins (figure 9). This information was relayed to TUL RFC
by teleprinter.

D. Radar-Raingage-Streamflow Data Comparisons

Linear regression analysis by least squares were made for storms of
5/18/65 and 5/27/65 by RFC TUL, Comparisons were made of the radar-computed
rainfall and the areal rainfall derived by lsohyetal analysis of obszserved
rainfall. Results of these analyses by storm total and by classes are shown

in Table I below.

TABLE T

Average Average Standard

Observed Radar Error of

No. Rainfall Rainfall Estimated
Storm Class Cases Inches Inches Inches
May 18, 1965 Total Storms 130 0.37 0.34 0.33
0 to 0.29 inches 75 0.10 0,17 0.18
0.30 to 0,60 inches 25 0.46 0.40 0.27
0.61 to 0.90 inches 11 0.77 0.75 0.47
0.91 to + inches 19 1.16 0.79 0.48
May 27-28, 1965 Total Storms 166 0.30 0.30 0.21
0 to 0.29 inches 94 0.11 0,17 0.13
0.30 to 0.60 inches 46 0.43 0.45 0.23
0.61 to 0.90 inches 21 0.74 0.54 0.62
0.91 to + inches 5 1.02 0.43 0.47

Stream gage records furnished by the U.5.G.S. office at
Oklahoma City were analyzed for runoff volumes produced by the two storms. The

results of these analyses are shown Iin Table II.
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TABLE II

Average Average Rainfall Needed

Observed Radar to Produce
Rainfall Rainfall Observed Runoff
Station Inches Inches Inches
Deep Red Run @ Randlett 0.48 0.48 *
Gobb Creek @ Ft. Cobb 0.92 0.92 ¥
Rush Creek @anaville 0.55 0.57 0.40
Little River @ Sawakwa 0.41 0.40 0,60
Canadian River @ Noble 0.56 0.57 0.21
Turkey Creek @ Drummond 0.12 0.20 0.12
Little Washita @ N¥innekah 0.48 0.59 %*
Washita @ Carnegie 0.65 0,72 *
. Canadian River @ El Reno 0.28 0.20 #

* No runoff forecasted or observed.

The average rainfall depths for the contributing zones are tabulated
for observed and radar-rainfall. The third column lists the rainfall needed
to produce the observed runoff depth.

E. Radar Hydrology Experiment Summary.

Note the remarkable agreement between observed and radar rainfall columns.
Since the 1965 sample was quite small, no statistlcal significance should be
attached at this time. However the results do indicate that this line of
attack on the problem of precipitation measurements by radar should be continued,
Additional radar data was collected this spring (1966) for similar correlation
studies. Preliminary analysis indicates the correlations are compatible with the
1965 results.

Future reports on this experiment will be forthcoming as data and results

warrant.,
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VI CONCLUSION

The standard WSR-57 10-cm radar can survey out to a hydrologic range
of 100 n.m., or over 31,000 square miles, almost continuously. Such an
area will generally contaln about 40 to 50 raingages, but the radar will sur-
vey about 28,000 discrete polnts,

The potential quantitative value of radar as a direct raingaging
instrument is assessed In the relationship between radar echo intensity and
precipitation.

It was shown, using the relationship 2 = 200 R1-6, the radar will
estimate the areal average rainfall within a factor of + 2 of the areal
average rainfall., Comparisons of radar average rainfall with a dense ne£work
of raingages in Oklahoma showed the radar could estimate the true mean within
4+ 50%. In 1961, Liber, Merritt, and Robertson (13) showed for a 24-hr storm
over a tri-state area the radar average was within 2% of the actual rainfall
average., While perhaps this result was fortuitous, it has been shown the
radar results will improve as the temporal and spatial distributilion increases,

One ralngage in 100 square miles estimates the true mean rainfall
within a factor of about + 55% for a one-inch rainfall. The average gage
density in the U.S. is one in 230 square miles, and Iin Texas it is about one
in 625 square miles, Therefore, one can reasonably expect the standard error
of estimate of true rainfall to be a factor somewhat greater than 2. Indeed,
shower type precipitation (11) measured by a dense network of raingages in
Oklahoma, one gage for 6.25 gquare miles, showed the sample's standard error of
estimate about equal to the sample mean,

It 18 concluded the WSR~57 18 a better raingaging instrument than the

17



present raingage denslty, especlally, for shower type precipitation. Not
only does the radar measure the areal rainfall by a factor somewhat
smaller than 2, and its time distribution, but also the speed and direction
of major storm movement wnich contributes greatly to the assessment of
flagh flood potential,

The applied radar hydrology experiment between RFC FIW, RFC TUL, WSSL and
GSW demonstrated the capabilities of operational staff's to digitize,
communicate, and computer process radar data in REAL TIME, This was an unique
experiment, since the log Z wvalues of the actual observed radar echoes'
intensities were digitized and transmitted to a computer center in REAL TIME,

The analysis of the computer processed radar data by RFC TUL showed
remarkable results when comﬁared with observed runoff, Also, this was an
unique analysis because 1t was the first time radar data had ever been
correlated with runoff. Whether the results they obtained were fortuitous
will be determined when more data becomes available for analysis. This
analysis does point out that correlation studies between runoff volume and
radar estimated rainfall are probably more hydrologically realistic than
between polnt rainfall areal averages, with the present raingage density, and
radar estimated rainfall. In this study, the observed point rainfalls are
representative of only 1.7 x 10-9 part of the area of rainfall observed by
radar for the 18.5 square mile areas, The statistical reliability of such a
gmall sample 1s dependent upon the meteorological process involved. Most of
the gtorms studies in this experiment were thunderstorms with highly variable

distributions of rainfall over the area.
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This experiment, also, shows the operational radar meteorologist the
poasibilities of assgessing the flash flood or major flood potential of radar
echoes with the tools available to himy (1) WSR-57 radar (calibrated daily
when possible), (2) Workable size grid, (3) Rainfall - echoe intensity chart
using & = 200R1'6, and (4) Judiclous selection of radar intensity levels

that will assure measurements of the most Iintense parts of the echo,

19



10.

11,

12,

13.

REFERENCES

Linsley, R K, Jr., Kohler, M.A., and Paulhus, J,L.H., 1958: "Hydrology for
Engineers', McGraw-H111l, pp. 29-31.

Court, A., 1961: "Area-Depth Rainfall Formulas', Journal of Geophysical
Resgearch, Vol, 66, No, 6, pp. 1823-.1831,

Neil, J.C., 1953: "Analysis of 1952 Radar and Raingage Data'', Illinois
State Water Survey Meteorology Laboratory, pp. 1-25.

Ryde, J. W., 1945: "The Attenuation and Radar Echoes Produced at Centimetre
Wavelengths by Various Meteorological Phenomena', Meteorological Factors in
Radio Wave Propagation, Phys. Soc., London.

Marshall, J. 8., Langille, R.C.,, and Palmer, W, McK., 1947: '"Meagurements of
Rainfall by Radar', Journal of Meteorology, Vol. 4, No. 6, pp. 186-192,

Battan, L. J., 1959: " _Radar Meteorology'", The University of Chicago Press,
Chapters 4, 7 and 9,

Marshall, J.S., and Palmer, W. McK,, 1948: "The Distribution of Raindrops
with Size'',  Journal of Meteorology, Vol. 5, No. 4, pp. 165-166,

Laws, J. O., and Parsong, D. A., 19431 "The Relation of Raindrops to
Intensity", Transactions of American Geophysical Union, No., 24, Part II,
pp. 452 - 460,

Atlas, D,, and Chmela, A, C., 1957: '"Physical-Synoptic Variations of Rain-
drop Size Parameters'', Proc. Sixth Weather Radar Conf., pp. 21-30,

Wilson, J. W., 19641 '"Evaluation of Precipitation Meagurements with the WSR-
37 Weather Radar', Journal of Applied Meteorology, Vo. 3, No. 2, pp. Lb64-174.

Teague, J. L., 1965: !'NSSL Radar - Hydrology Program", NSSL Report No. 24,
U. 8, Weather Bureau, pp. 82-98,

Lhermitte, R, M., and Kessler, E., 1965: "A Weather Radar Signal Integrator',

Proceedings, Conference on Cloud Physics, Tokyo and Sapporao, Japan, pp.301-308.

Leiber, G., Merritt, C. J., and Robertson, J. P., 1961: '"WSR~57 Analysis
of Heavy Rains”, Proc. Ninth Weather Radar Conference, pp. 102-107,

20



FIGURES

Network of 175 surface recording raingages maintained by the Agricultural
Research Service, Chickasha, Oklahoma,

Raingage-radar average rainfall comparisons for the dense network of raingages
in Oklahoma.

Map of radar coverage for NSSL's and GSW's WSR-57 radars,

Top figure 1s the teleprinter overpunch of traced radar contours reflectivity
integers (log R)

Bottom figure is digitizged map of accumulated precipitation as computed
by RFC FTIW computer for operational transmission to the RFC TUL. The
number at the top 1s the multiplier for the integers (.8755 x 5 = 4.38 inches).

Visual display of radar-rainfall data for technical evaluation as provided
by the 1620 computer.

Visual display of observed rainfall data as provided by 1620 computer from
rainfall data punched on IBM cards.

Igohyetal maps of observed rainfall and radar rainfall. The printouts are
provided by the 1620 computer,

(A) The radar rainfall equivalent for successive observations are averaged
for application to the entire time period between observations.

(B) The radar rainfall equivalent for successive observations are averaged
at the mean centroid position and distributed over the vectored path
connecting the observations and the mean centrold positions,

(C) The centrold positions of the preceding and succeeding observations were
used to vector each echo precipitation contribution in fifteen minute

increments.

The radar rainfall averages by sub-basing. For computer identification the
sub-basins were asslgned numbers.

21



@&

®s
»@s @10
@ w2 @3 ™
i
(O] @iy \V\
@i
‘\ ¥ Ngs o
® ®wa
22 ®23 @24
O} @28 Wzt
ort) %45 vz ®30 @ ’J?z @wae
1 ey o i 33
< P D46 has vas . .\\—\ D3 s
@30 | a2 Vaz @4 i \
? @8t @53 { ' @ac @ @}39 36
Do4 @58 ® {) { ®ar '
56
L { ©7 [GL] @59 ,l
/ 80 /
3 @ &3
@79 @}\. D17 Lre J ; @62 & @64
joxd S { I
@rs | ®73 'é
) oY tre em @70 69
%) k'\\'gm 6P \. // @68 sy 66
I~ 4 @53
B85 50 @1 92

@3

TwBl4
A @5 @J5j @157
,W

@164 Vo
@:}\, ®i62
L\ @ ©180 159
®r65'\gfw_/-g @i5€

D168

@166 JOILE

OKLAHOMA
NSSL -

D98 @94“@8IO§J

[OJ123 . / ®ils

a3} [) @27
©i23 e Gi2s
{ Mi2a @23 @iz2 "
i - ) @i2t $120 18
3 : N LT
L? |3T‘~\p9\ }/@133 o @386 o
| |{ h @138 JGIk T ®rsp
#137 @ Er
@50 [O]FY-] [CIEY-S @Iﬁﬂilw ®s0
@war wray Bl @z M9 ~
) @143 Gz
g jol”
@S2 @153 @154 .
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WASHITA RIVER WATERSHED
U8 DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH SERVICE

S0IL AND WATER CONSEAVATION RESEARCH
$OUTHERN PLAINS BRANCH
CHIGKASHA, OKLANOHA

WASHITA RIVER WATERSHED

SCALE M MILES

Figure 1




DATE
4/3/64
1300-2000

4/23/64
1700-1800

5/9/64
1600-2400

5/10/64

5/29/64
0000-2400

5/30/64
0000-1700

5/13/65
1900-2300

5/24/65
1300-1600

~101

~107

-99

-102

-106

-106

=103

=106

RADAR AND RAIN GAGE DATA

Rain Gage Average Rainfall

.20

.21

.92

1.09

1.67

2,50

1.02

.15

Flgure 2

Radar Average Rainfall

.32

4l

.53

76

1.33

.80
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